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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

A METHOD FOR USE OF 
HIERARCHY IN EXTRACTION 

Background of the Invention 

[0001] Field of the Invention 

[0002] The present invention generally relates to microelectronic chip design, and more 
particularly to a method of modeling a logic cell for circuit level models. 

[0003] Description of the Related Art 

[0004] Generally, integrated circuits are electrical circuits comprised of transistors, 

resistors, capacitors, and other electrical components on a single semiconductor chip 
in which the components are interconnected to perform a given function. A circuit 
designer designs an integrated circuit by creating a circuit schematic indicating the 
electrical components and their corresponding interconnections. Moreover, designs 
are simulated by computer-aided design programs to verify the functionality and to 
ensure that performance goals are satisfied. 

[0005] The layout of an integrated circuit contains parasitic resistances and capacitances 
from the interconnections and devices. The values of these so-called parasitics are 
functions of the process parameters, shape and dimensions of a particular geometry, 
and relationship of a particular geometry to other geometries. These parasitics affect 
the performance and possibly the functionality of an integrated circuit. Consequently, 
during the design phase of an integrated circuit, these parasitics are extracted from a 
layout and taken into consideration during circuit simulation. 

[0006] integrated circuits which are fabricated using deep sub-micron processes are 

becoming mainstream, but are complex. One of the challenges faced by today's deep 
sub-micron integrated circuit designers is the issue of parasitic effects of passive 
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interconnect ions. Deep sub-micron integrated circuit designers are recognizing that 
these effects cannot be ignored, otherwise the design can fail. These effects also play 
an important role in timing, power, reliability, as well as noise performance. In order 
to take parasitic effects of passive interconnects into consideration in post layout 
analysis for timing, power, etc., it is necessary to create electrical models for the 
physical connections present between the various devices in a deep sub-micron 
integrated circuit design, a process known as parasitic extraction. As such, multiple 
parasitic extractions performed repeatedly at different points in time to create 
multiple electrical models for different views of the design are often required. 

[0007] General designs are created using hierarchical methodologies. Here, small circuits 
are designed and evaluated, and then connected to larger functions until the full chip 
is assembled. Each element of the hierarchy is called a cell (logic cell) and the basic 
circuit functions, which include devices and interconnects, are called leaf-cells. 

[0008] The problem associated with most conventional extraction programs is that they 
work in a flat manner. That is, the conventional extraction programs ignore the design 
hierarchy. Some packages have the option to use design hierarchy without a check 
and simply ignore placement dependent changes. These conventional systems make 
the user responsible for the inaccuracies. 

[0009] More sophisticated solutions use an active radius around each wire and check 
whether the environment within this radius is constant. Variations outside of this 
radius are considered small and ignored. However, because these solutions are often 
rigid in their application, this leaves open the possibility that some variations 
important in the hierarchical design are ignored, thus resulting in an inaccurate 
manner in which to model a logic cell. Therefore, there remains a need for a new and 
improved process and system of modeling a logic cell using parasitic extraction 
techniques in a worst-case environment for the logic cell. 

Brief Summary of the Invention 

[0010] 

In view of the foregoing and other problems, disadvantages, and drawbacks of the 
conventional modeling techniques for logic cells using hierarchical extraction 
processes, the present invention has been devised, and it is an object of the present 
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invention to provide a system and method for modeling a logic cell. 

[001 1] In order to attain the object suggested above, there is provided, according to one 
aspect of the invention, a method of extracting circuit characteristics from a circuit 
design that extracts first cell characteristics from a portion of the circuit design using 
a first set of environmental conditions. Next, the invention extracts second cell 
characteristics from the portion of the circuit design using a different, second set of 
environmental conditions. The invention determines the difference between the first 
cell characteristics and the second cell characteristics. The invention compares this 
difference to a predetermined standard. The invention labels the portion of the circuit 
design as freely placeable within any area of said circuit design if the difference is less 
than the predetermined standard. Next, the invention replaces the portion of the 
circuit with a placeholder cell if the portion of the circuit design is freely placeable. 
The invention forms the placeholder cell in a process that includes shorting all 
conductors in the portion of the circuit design to a ground node. The invention then 
merges all the conductors in a given level of the portion of the circuit design. Next, 
the invention removes all the conductors that are covered by overlying conductors 
from the portion of the circuit design. The invention merges the conductors outside 
the portion of the circuit design that are within a predetermined distance to the circuit 
design to conductors within the portion of the circuit design. The circuit 
characteristics comprise at least one of capacitance, impedance, power, and 
resistance. 

[001 2] The first environmental conditions represent the best environment and the second 
environmental conditions represent the worst environment. The best environment has 
the minimum amount of wiring adjacent the portion of the circuit and the worst 
environment has the maximum amount of wiring adjacent the portion of the circuit. 
The invention calculates average cell characteristics from the portion of the circuit 
design for the placeholder cell. 

[0013] 

To decouple the full (schematic and parasitic) model of one cell from its 
environment both the impact of the environment on the cell and the impact of the cell 
on the environment must be considered. Generally, according to the present 
invention, the amount of variation a cell can tolerate must be determined. Then, a 
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calculation of how much variation different placements can cause is performed. A 
decision of whether the cell is freely placeable is made based on the level of variation 
for that cell. 

[0014] Designed blocks of circuitry or cells are preferably reused in different 

environments, with different wires running over, next to, or even through the 
previously characterized design. If all these different environments do not change the 
characteristic of the description of this cell significantly, the cell can be placed 
anywhere on the die without timing model changes, and it is considered freely 
placeable. When the cell is found to be freely placeable the cell undergoes parasitic 
extraction in an "average" environment (centered between the worst and best 
environment standards) and the timing model for the cell is created. The model can be 
stored for use with the final assembly of the part with all leaf cells and interconnect 
cells, or it can be characterized and simplified, when a final detailed assembly is not 
required. The next step the invention takes is characterization of the parent cell 
without the just characterized cell being present. For this step the invention replaces 
the cell with a simplified model leaf cell, which just contains the important elements 
for characterization of the interconnect cell. This leaf cell model is sometimes called a 
placeholder. This highly simplified placeholder design contains just the features which 
can impact the extraction of the interconnect, or more generally the environment of 
the leaf cell, so that internal extraction calculations internal to the leaf cell itself can 
be dropped out of further extraction processes. This placeholder is an automatically 
created design, which will never be released, and is just built to enable efficient 
extraction. 

[001 5] The invention makes this placeholder a virtual design, without ever actually 

creating the shapes and nodes the placeholder contains. The most efficient creation of 
the leaf cell depends on the programming environment. The placeholder is created by 
first connecting all nodes within the leaf cell together to one single unique node of 
this cell. This brings all shapes onto the same potential, still adjustable together for 
sensitivity studies from the outside. This method is accurate when the potential 
changes within the cell can be neglected. 

[0016] 

In addition, the invention merges all the shapes which are overlapping within the 
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leaf cell. This step reduces the number of edges within the leaf cell, thus simplifying 
the extraction from outside. Also, shapes which are close but not overlapping can be 
merged without much loss of accuracy. For this step, a closeness threshold is used. 
This step relies upon the fact that the fringe capacitance each shape makes the shape 
look larger from the outside.AII hidden shapes are also removed, as they cannot be 
seen from outside and hence do not impact the extraction of the parent cell. Then, 
this highly simplified placeholder design is used to represent the cell to minimize the 
impact of the environment extraction which is tied to its own node. The extraction of 
the environment cell or parent cell is preformed with the placeholder present. This 
makes this extraction step much more accurate than just dropping the leaf cell out of 
extraction as done in many products. 

[001 7] The degree of simplification affects the extraction runtime improvements. 

Naturally, the runtime improvement depends on the degree the placeholder could be 
simplified in comparison to the full model. Moreover, ports are created at the contact 
point to the simplified placeholder cell model. Then, the environment is extracted with 
the placeholder using changed capacitance formulas for any capacitance going to the 
placeholder node. The new formulas included in the tolerance are the impact of 
possible active nodes in the virtual cell. For all practical purposes, this node will be at 
ground. But to check the sensitivity, it can be of benefit to separate the two nodes. To 
measure the capacitance connected with ground, for ground bounce tests, it is 
important to have the nodes separated. Finally, the previously extracted cell model is 
added to the extracted net list. For every instance of the cell, a placeholder is added. 
So it is an advantage to have the placeholder significantly simpler than the real cell. 

[001 8] The present invention provides a powerful method which allows the ability to 

reuse characterized cells multiple times and in multiple instances, wherein different 
instances of the same cells are in different environments in the chip assembly. The 
extraction process calculates the resistances and capacitances (RC) of parasitic 
elements including all connecting conductors and wires. Because capacitances of the 
interconnect depend of the environment, conventional systems have not been able to 
reuse a once extracted cell over many instances. Thus, the present invention describes 
a method to rigorously evaluate the cases in which a hierarchy can be used. 
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Brief Description of the Several Views of the Drawings 

[001 9] The foregoing and other objects, aspects and advantages will be better 

understood from the following detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 

[0020] Figure 1 is a flow diagram illustrating a preferred method of the invention; 

[0021] Figure 2 is a system diagram according to the present invention; and 

[0022] Figure 3 is a system diagram according to the present invention. 

Detailed Description of the Invention 

[0023] DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

[0024] As previously mentioned, there is a need for a new and improved process and 

system of modeling a logic cell using parasitic extraction techniques in a worst-case 
environment for the logic cell. General designs are created using hierarchical 
methodologies. Here, small circuits are designed and evaluated, and then connected 
to larger functions until the full chip is assembled. Each element of the hierarchy is 
called a cell (logic cell) and the basic circuit functions, which include devices and 
interconnects, are called leaf-cells. 

[002 5] To decouple the full (schematic and parasitic) model of one cell from its 

environment both the impact of the environment on the cell and the impact of the cell 
on the environment must be considered. Generally, according to the present 
invention, the amount of variation a cell can tolerate must be determined. Then, a 
calculation of how much variation different placements can cause is performed. A 
decision of whether the cell is freely placeable is made based on the level of variation 
for that cell. 

[0026] Designed blocks of circuitry or cells are preferably reused in different 

environments, with different wires running over, next to, or even through the 
previously characterized design. If all these different environments do not change the 
characteristic of the description of this cell significantly, the cell can be placed 
anywhere on the die without timing model changes, and it is considered freely 
placeable. When the cell is found to be freely placeable the cell undergoes parasitic 
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extraction in an "average" environment (centered between the worst and best 
environment standards) and the timing model for the cell is created. The model can be 
stored for use with the final assembly of the part with all leaf cells and interconnect 
cells, or it can be characterized and simplified, when a final detailed assembly is not 
required. The next step the invention takes is characterization of the parent cell 
without the just characterized cell being present. For this step the invention replaces 
the cell with a simplified model leaf cell, which just contains the important elements 
for characterization of the interconnect cell. This leaf cell model is sometimes called a 
placeholder. This highly simplified placeholder design contains just the features which 
can impact the extraction of the interconnect, or more generally the environment of 
the leaf cell, so that internal extraction calculations internal to the leaf cell itself can 
be dropped out of further extraction processes. This placeholder is an automatically 
created design, which will never be released, and is just built to enable efficient 
extraction. 

[0027] The invention makes this placeholder a virtual design, without ever actually 

creating the shapes and nodes the placeholder contains. The most efficient creation of 
the leaf cell depends on the programming environment. The placeholder is created by 
first connecting all nodes within the leaf cell together to one single unique node of 
this cell. This brings all shapes onto the same potential, still adjustable together for 
sensitivity studies from the outside. This method is accurate when the potential 
changes within the cell can be neglected. 

[0028] !n ac |a:j t j onj the invention merges all the shapes which are overlapping within the 
leaf cell. This step reduces the number of edges within the leaf cell, thus simplifying 
the extraction from outside. Also, shapes which are close but not overlapping can be 
merged without much loss of accuracy. For this step, a closeness threshold is used. 
This step relies upon the fact that the fringe capacitance each shape makes the shape 
look larger from the outside.AII hidden shapes are also removed, as they cannot be 
seen from outside and hence do not impact the extraction of the parent cell. Then, 
this highly simplified placeholder design is used to represent the cell to minimize the 
impact of the environment extraction which is tied to its own node. The extraction of 
the environment cell or parent cell is preformed with the placeholder present. This 
makes this extraction step much more accurate than just dropping the leaf cell out of 
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extraction as done in many products. 

[0029] The degree of simplification affects the extraction runtime improvements. 

Naturally, the runtime improvement depends on the degree the placeholder could be 
simplified in comparison to the full model. Moreover, ports are created at the contact 
point to the simplified placeholder cell model. Then, the environment is extracted with 
the placeholder using changed capacitance formulas for any capacitance going to the 
placeholder node. The new formulas included in the tolerance are the impact of 
possible active nodes in the virtual cell. For all practical purposes, this node will be at 
ground. But to check the sensitivity, it can be of benefit to separate the two nodes. To 
measure the capacitance connected with ground, for ground bounce tests, it is 
important to have the nodes separated. Finally, the previously extracted cell model is 
added to the extracted net list. For every instance of the cell, a placeholder is added. 
So it is an advantage to have the placeholder significantly simpler than the real cell. 

[0030] Referring now to the drawings, and more particularly the figures, there are shown 
preferred embodiments of the method and system according to the present invention. 
Specifically, in the flow diagram in Figure 1 , the method of modeling a logic cell 
comprises extracting first cell characteristics from a portion of the circuit design 100. 
In item 102, the invention extracts second cell characteristics from the portion of the 
circuit design using a second set of environmental conditions. The invention 
determines the difference between the first cell characteristics and the second cell 
characteristics in 104. Next, in 106, the invention labels the portion of the circuit 
design as freely placeable within any area of the circuit design if this difference is less 
than the predetermined standard. The invention replaces the portion of the circuit 
with a placeholder cell if the portion of the circuit design is freely placeable in 108. 

[0031] 

The invention, in item 1 10, simplifies the placeholder cell by shorting all 
conductors in the portion of the circuit design to a ground node. Next, the invention 
merges all the conductors in a given level of the portion of the circuit design. The 
invention remove all conductors that are covered by overlying conductors from the 
portion of the circuit design. The invention then merges the conductors outside the 
portion of the circuit design that are within a predetermined distance to the circuit 
design to conductors within the portion of the circuit design. In item 1 12, the 
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invention calculates the average cell characteristics from the portion of the circuit 
design for the placeholder cell using an "average" environment that is between the 
"worst" and "best" environments (preferably centered between these environments). 

[0032] Furthermore, according to the present invention, the environment of the 

maximum noise impact from the cell is included. Here, a possible coupling interaction 
occurs from any of the replaced cells to the parent conductors. When a node internal 
to the cell switches at the same time as a node in the parent cell switches, the 
coupling capacitance between the conductors causes an effective increase or 
reduction of the load capacitance in the parent cell. This effect can be included into 
the tolerance of the capacitance of the parent cell extraction. To do this for the best 
case condition, the capacitance between the parent cell and the placeholder cell is 
reduced by the coupling and in worst case condition, the capacitance is increased. 
These capacitances are referred to as "Miller" capacitances as they describe the Miller 
effect, which describes the impact of simultaneous switching nets on capacitance 
loads. This is performed with a loss of performance by selecting different parameters 
for the capacitances to the placeholder. This requires the creation of new levels for the 
placeholder shapes and the appropriate new capacitance fitting parameters. 

[0033] According to the present invention, two sets of merged shapes are created: 
friendly net conductor (power and other DC lines) and possible aggressive net 
conductors. Shadowing still applies to both sets of conductors together. This restricts 
the use of the Miller capacitance tables and biases to the aggressive conductors. 
Thereafter, this result can be compared with the regular nominal analysis to determine 
the maximum impact of coupling. If the difference (delta) is small compared to the 
port labels of the parent cell, the hierarchical extraction is working correctly. If the 
differences (delta) are too large, then the use of hierarchy may not be possible. 

[0034] Figure 2 shows a computer system for modeling a logic cell, wherein the computer 
system 600 comprises a central processing unit 650, a calculator 700 performing the 
calculating step 1 00, an extractor 750 performing the extracting step 200, a 
comparator 800 performing the comparing step 300, and a compiler 850 performing 
the merging step 400 and making step 500. 

[003 5] A representative hardware environment for practicing the present invention is 
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depicted in Figure 3, which illustrates a typical hardware configuration of an 
information handling/computer system in accordance with the present invention, 
having at least one processor or central processing unit (CPU) 1 0. The CPUs 1 0 are 
interconnected via system bus 12 to random access memory (RAM) 14, read-only 
memory (ROM) 1 6, an input/output (I/O) adapter 1 8 for connecting peripheral 
devices, such as disk units 1 1 and tape drives 1 3, to bus 12, user interface adapter 1 9 
for connecting keyboard 1 5, mouse 1 7, speaker 1 03, microphone 1 04, and/or other 
user interface devices such as touch screen device (not shown) to bus 1 2, 
communication adapter 105 for connecting the information handling system to a data 
processing network, and display adapter 1 01 for connecting bus 1 2 to display device 
1 02. A program storage device readable by the disk or tape units is used to load the 
instructions, which operate the invention which is loaded onto the computer system. 

[0036] One benefit is that the present invention provides the impedance information on 
each port within the hierarchy. The parent cell port impedance contains everything 
within the parent cell, the impedances from the lower cell ports, and the extracted 
values from the connection to the parent cell. 

[0037] Another benefit is that the invention calculates the impact of the changing 

environments. According to the present invention, the extraction methodology occurs 
for best case, average case, and worst case process conditions. Another benefit of the 
present invention is that the invention calculates the maximum change that can be 
caused by different placements. Thus, according to the present invention, the worst 
case environment includes the worst case process conditions, which includes all 
possible and properly spaced wire placements with actual wires. Nothing is added in 
the best case processes. The change in capacitance due to the additional wiring is 
then compared with the best case environment, which allows the ability to decide 
whether the cell performance is independent of the placement. 

[0038] 

Then, the placeholder cell is created. The placeholder cell is simplified to deliver 
only the necessary information to the parent cell. The present invention simplifies the 
placeholder cell by shorting all conductors of the cell to a new common cell node 
which is tied to ground. Conductors of the parent cell are still connected to the 
conductors of the cell, so their capacitance is not changed. Moreover, ail conductors 
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on the same physical level are merged into one shape, and any conductor covered by 
a higher or outside conductor is removed, thereby making the cell more simplified or 
"hollow". Because all conductors are on the same node, and fringe capacitances 
effectively enlarge any conductor to the outside, any close conductors can be merged 
into one shape, thereby removing holes out of the outside shell of the placeholder to 
further simplify the placeholder cell. 

[0039] These steps significantly simplify the capacitance calculation from the parent to 
the placeholder cell, and deliver a significantly improved performance boost to the 
extraction step. 

[0040] The present invention is more flexible than conventional programs and systems, 

and evaluates the error according to the circuit needs. Moreover, the present invention 
delivers many more cases in which hierarchy can be used, and in this way, provides a 
much larger performance advantage. 

[0041] While the invention has been described in terms of preferred embodiments, those 
skilled in the art will recognize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 
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